The title compounds were obtained by deprotonation of 1,2,4-trihydroxyanthraquinone (purpurin) using sodium hydride followed by reaction with either 1-bromopropane or 1-bromobutane. 1,4-Dihydroxy-2-propoxyanthraquinone crystallizes as a 1:1 solvate from acetonitrile, C 17 H 14 O 5 ÁCH 3 CN. The anthraquinone core of the molecule is essentially planar and both hydroxy groups participate in intramolecular O-HÁ Á ÁO (carbonyl) hydrogen bonds. The propyl chain is angled slightly above the plane of the anthraquinone moiety with a maximum deviation of 0.247 (2) Å above the plane for the terminal carbon atom. In contrast, 2-butoxy-1,4-dihydroxyanthraquinone, C 18 H 16 O 5 , crystallizes from nitromethane with two independent molecules in the asymmetric unit. The anthraquinone core of each independent molecule is essentially planar and both hydroxy groups on both molecules participate in intramolecular O-HÁ Á ÁO(carbonyl) hydrogen bonds. The butyl chain in one molecule is also angled slightly above the plane of the anthraquinone moiety, with a maximum deviation of 0.833 (5) Å above the plane for the terminal carbon atom. In contrast, the butyl group on the second molecule is twisted out of the plane of the anthraquinone core with a torsion angle of 65.1 (3)
The title compounds were obtained by deprotonation of 1,2,4-trihydroxyanthraquinone (purpurin) using sodium hydride followed by reaction with either 1-bromopropane or 1-bromobutane. 1,4-Dihydroxy-2-propoxyanthraquinone crystallizes as a 1:1 solvate from acetonitrile, C 17 H 14 O 5 ÁCH 3 CN. The anthraquinone core of the molecule is essentially planar and both hydroxy groups participate in intramolecular O-HÁ Á ÁO (carbonyl) hydrogen bonds. The propyl chain is angled slightly above the plane of the anthraquinone moiety with a maximum deviation of 0.247 (2) Å above the plane for the terminal carbon atom. In contrast, 2-butoxy-1,4-dihydroxyanthraquinone, C 18 H 16 O 5 , crystallizes from nitromethane with two independent molecules in the asymmetric unit. The anthraquinone core of each independent molecule is essentially planar and both hydroxy groups on both molecules participate in intramolecular O-HÁ Á ÁO(carbonyl) hydrogen bonds. The butyl chain in one molecule is also angled slightly above the plane of the anthraquinone moiety, with a maximum deviation of 0.833 (5) Å above the plane for the terminal carbon atom. In contrast, the butyl group on the second molecule is twisted out of the plane of the anthraquinone core with a torsion angle of 65.1 (3)
, resulting in a maximum deviation of 1.631 (5) Å above the plane for the terminal carbon atom.
Chemical context
Purpurin, 1,2,4-trihydroxy anthraquinone, is a major component of the dye extracted from madder root (Schweppe & Winter, 1997) . The extract from madder root has been used to dye wool and other fabrics since antiquity. Purpurin is commercially available and we here report two derivatives, 1,4-dihydroxy-2-propoxy anthraquinone and 2-butoxy-1,4-dihydroxy anthraquinone, prepared by selective deprotonation of purpurin followed by alkylation with the either 1-bromopropane or 1-bromobutane. ISSN 2056-9890 
Structural commentary
The asymmetric unit of 1,4-dihydroxy-2-propoxy anthraquinone (1), crystallized from acetonitrile solvent, contains a single anthraquinone molecule and one acetonitrile solvate molecule as shown in Fig. 1 . The two intramolecular hydrogen bonds (Table 1 ) are typical for the 1,4-dihydroxy anthraquinones and 1-hydroxyanthraquinones. These hydrogen bonds are maintained in chloroform solution, as shown by the chemical shift of 13.47 and 13.56 ppm for the two hydroxyl protons. The anthraquinone moiety is planar, with an average root mean square (r.m.s.) deviation of atoms C1 to C14 of 0.021 Å , in which the maximum deviation from the plane defined by atoms C1 to C14 is 0.044 (1) Å for C9. The propyl chain is angled slightly above the plane of the anthraquinone moiety, with deviations of 0.043 (2), 0.143 (2) and 0.247 (2) Å for atoms C15, C16 and C17, respectively, from the plane defined by atoms C1-C14. The acetonitrile is angled towards H10 with a N1Á Á ÁC10 distance of 3.401 (2) Å . The final difference map shows several peaks of 0.2 to 0.7 e Å À3 in the anthraquinone plane that suggest the presence of minor whole-molecule disorder in which the anthraquinone is translated in the plane and/or flipped over.
In contrast, the asymmetric unit of 2-butoxy-1,4-dihydroxy anthraquinone (2) crystallized from nitromethane solvent, contains two unique anthraquinone molecules as shown in Fig. 2 . Both molecules feature two intramolecular hydrogen bonds (Table 2 ) similar to those observed in (1). These hydrogen bonds are also maintained in chloroform solution, as shown by the chemical shift of 13.46 and 13.55 ppm for the two hydroxyl protons. The anthraquinone moieties in both molecules are planar. The r.m.s deviation of atoms C1 to C14 is 0.006 Å , with a maximum deviation from the plane defined by atoms C1 to C14 of 0.011 (2) Å for C13. The r.m.s. deviation from the plane defined by atoms C19 to C32 is 0.025 Å , with a maximum deviation of 0.048 (2) Å for C31. The butyl chain attached to O2 is twisted out of the C1-C14 anthraquinone plane with a O2-C15-C16-C17 torsion angle of À65.1 (3) . The butyl chain has an anti-conformation, the C15-C16-C17-C18 torsion angle being À173.1 (2)
. The deviations of the butyl carbon atoms from the anthraquinone plane defined by atoms C1 to C14 are 0.101 (4), 0.194 (4), 1.467 (4) and 1.631 (5) Å for atoms C15, C16, C17 and C18, respectively. The butyl chain in the second unique molecule, attached to O7, is tilted slightly out of the plane of the anthraquinone with a C20-O7-C33-C34 torsion angle of À167.3 (2) . This butyl chain also adopts an anti-conformation, the C33-C34-C35-C36 torsion angle being À175.2 (3)
. The resultant deviations of the butyl carbon atoms from the plane defined by atoms C19-C32 are 0.077 (4), 0.428 (4), 0.356 (4) and 0.833 (5) Å for atoms C33, C34, C35 and C36, respectively. There is a close intermolecular contact between phenyl hydrogen atom H3 and carbonyl oxygen atom O10, with a C3Á Á ÁO10 distance of 3.494 (3) Å (labelled X in Fig. 2) . A second close intermolecular contact, between phenyl hydrogen atom H29 and hydroxyl oxygen atom O3 gives a C29Á Á ÁO3 distance of 3.231 (4) Å (labelled Y in Fig. 2 Table 1 Hydrogen-bond geometry (Å , ) for (1). Symmetry codes: (i) Àx þ 1; Ày; Àz þ 1; (ii) Àx þ 2; Ày þ 2; Àz þ 1.
Figure 2
Asymmetric unit of (2) showing the close intermolecular C-HÁ Á ÁO contacts X and Y (see text). Displacement ellipsoids of non-H atoms are drawn at the 50% probability level and H atoms are shown as circles of arbitrary size. Table 2 Hydrogen-bond geometry (Å , ) for (2). 
Figure 1
Molecular structure of (1) with the included acetonitrile. Displacement ellipsoids of non-H atoms are drawn at the 50% probability level and H atoms are shown as circles of arbitrary size.
Supramolecular features
In the crystal, molecules of (1) form planes that incorporate the acetonitrile molecule, as shown in Fig. 3 . The acetonitrile molecule is almost coplanar with the anthraquinone moiety, with deviations of 0.401 (2), 0.536 (2) and 0.722 (2) Å for atoms N1, C18, and C19, respectively, from the plane defined by atoms C1-C14. There is a close C-HÁ Á ÁO interaction (Table 1 ) between a phenyl hydrogen atom and an adjacent carbonyl oxygen atom of an inversion-related molecule of (1). The C11Á Á ÁO5#2 distance is 3.245 (2) Å [symmetry code: (#2) 2 À x, 2 À y, 1 À z] and the interaction is labelled x in Fig. 3 . The methylene hydrogen H15A is close to the carbonyl oxygen O3 of a second inversion-related molecule of (1). The C15Á Á ÁO3#1 distance is 3.218 (2) Å [symmetry code: (#1) 1 À x, Ày, 1 À z], and the interaction is labelled y in Fig. 3 . The anthraquinone units of (1) alternately -stack in pairs as shown in Fig. 4 . Each -stacked pair (A and B in Fig. 4 ) has significant overlap of the anthraquinone moiety with Cg1Á Á ÁCg3#3, Cg2Á Á ÁCg2#3 [symmetry code: (#3) 1 À x, 1 À y, 1 À z; Cg1, Cg2 and Cg3 are the centroids of the six-membered rings C1-C5/C14, C5-C7/C12-C14 and C7-C12, respectively] distances of 3.607 (1) and 3.569 (1) Å , respectively, with slippages of 1.304 and 1.331 Å , respectively. The pairs ofstacked molecules of (1) are offset -stacked and the alkyl chain has a C-HÁ Á Á interaction with one end of the anthraquinone unit, as shown in Fig. 4 (molecules labelled A and C). The C16Á Á ÁCg3#4 distance is 3.587 (2) Å [symmetry code: Repetitive -stacking of (1). Displacement ellipsoids of non-H atoms are drawn at the 50% probability level [symmetry codes: -Stacking of the two unique molecules of (2) showing the C-HÁ Á Á and -interactions as grey dashed lines. Part (a) shows the C1-C14 anthraquinone unit and (b) the C19-C32 anthraquinone unit. Displacement ellipsoids drawn at the 50% probability level [symmetry codes: (#1)
The two unique anthraquinone molecules in the asymmetric unit of (2) offset -stack in individual columns. There are three close C-HÁ Á ÁO contacts (Table 2 ) between these offset -stacked columns. The CÁ Á ÁO distances are 3.485 (3), 3.502 (3) and 3.548 (4) Å for C15Á Á ÁO6#1, C21Á Á ÁO8#2, and C33Á Á ÁO9#3. respectively [symmetry codes:
The interactions within each of the two unique sets of -stacked molecules are shown in Fig. 5 . For the anthraquinone unit defined by C1-C14 (Fig. 5a ), the centroid-to-centroid distances Cg2Á Á ÁCg1#1 and Cg3Á Á ÁCg2#1 are 3.521 (2) and 3.517 (2) Å , with slippages of 0.960 and 0.948 Å , respectively, where Cg1, Cg2 and Cg3 are the centroids of the sixmembered rings C1-C5/C14, C5-C7/C12-C14 and C7-C12, respectively. The methylene hydrogen atom H15A#1 is positioned above centroid Cg1 with a C15Á Á ÁCg1 distance of 3.690 (3) Å . For the anthraquinone unit defined by C19-C32 ( Fig. 5b) , the centroid-to-centroid distances Cg5Á Á ÁCg4#4 and Cg6Á Á ÁCg5#4 [symmetry code: (#4) 1 + x, y, z; Cg4, Cg5 and Cg6 are the centroids of the C19-C23/C32, C23-C25/C30-C32 and C25-C30 rings, respectively] are 3.520 (1) and 4.009 (1) Å with slippages of 0.960 and 2.145 Å , respectively.
Database survey
A search of the Cambridge Crystallographic Database (Version 5.38, Nov. 2016; Groom et al., 2016) using Conquest (Bruno et al., 2002) for the anthraquinone ring system with oxygen atoms at positions 1, 2 and 4 without restriction on substitution of the other aromatic position, revealed 15 structures. Database entries not including atomic coordinates were excluded. The structure of the parent compound, 1,2,4-trihydroxy anthraquinone monohydrate has been reported (refcode QEGNEV; Yatsenko et al., 2000) . In addition, structures have been determined for several organic derivatives that were isolated from natural sources. For example, the derivative most closely related to the structures reported here, 1,4-dihydroxy-2-methoxy-7-methylanthracene-9,10-dione, has been isolated from two different fungi and the structure reported [refcodes GEPCOU (She et al., 2006) and GEPCOU01 (Muangsin et al., 2008) ]. Complexes of purpurin with rhenium (refcodes CEVNIB, CEVNOH and AVABEF; Sathiyendiran, et al., 2006 Sathiyendiran, et al., , 2011 , copper [refcode ZOMSEB; Das, et al., 2014) , tin (refcodes MOQTAO and MOQTES; de Sousa et al., 2009) , calcium and aluminum (refcode LAYBAO; Bergerhoff & Wunderlich, 1993) have been reported. In each of the reported structures, those compounds with a free hydroxyl group flanking the anthraquinone carbonyl also exhibit the intramolecular hydrogen bond reported for (1) and (2).
Synthesis and crystallization
Synthesis of 1,4-dihydroxy-2-propoxy anthraquinone (1). In a flask under an atmosphere of argon, a dark red-orange solution of purpurin (0.26 g) in dimethylformamide (10 mL) and tetrahydrofuran (20 mL) was cooled in an ice-salt bath.
Sodium hydride (0.081 g, 1 eq.) was added and the resultant violet solution was stirred in the ice bath for 20 minutes. Excess 1-bromopropane (1 mL) was added, a water condenser attached, and the flask was removed from the cooling bath and heated to 353 K for 24 h. The flask was cooled to room temperature and the solvents evaporated. The crude product was purified by column chromatography with silica gel (0.65-0.40 mm) and mixtures of hexane and ethyl acetate of increasing polarity. The eluant was monitored by TLC with a 5:1 mixture of hexane and ethyl acetate. The solvent was evaporated and the product obtained as a red-orange solid (0.15 g).
1 H NMR: (400MHz, CDCl 3 ) 13.56 (s, 1H), 13.47 (s, 1H), 8.33 (dd, J = 2.0, 7.0 Hz, 2H), 7.84-7.77 (m, 2H), 6.67 (s, 1H), 4.09 (t, J = 8.0 Hz, 2H), 1.97 (s, J = 7.0 Hz, 2H), 1.11 (t, J = 7.4 Hz, 3H). 13 C NMR: 189.87, 186.98, 163.64, 159.97, 153.30, 137.17, 136.78, 136.41, 135.95, 129.63, 129.47, 115.07, 110.03, 108.64, 73.84, 24.68, 13 .02. Compound (1) crystallized from acetonitrile as large dark-red blocks that included an acetonitrile molecule as a 1:1 solvate. When these blocks were cut to small individual pieces or ground with a mortar and pestle they appeared orange. The crystals lost luster after removal from the mother liquor, presumably due to loss of the acetonitrile.
Synthesis of 4-butoxy-1,2-dihydroxyanthraquinone (2). The same procedure was used with 1 mL of 1-bromobutane. The compound was isolated as a dark red-purple solid.
1 H NMR: (400MHz, CDCl 3 ) 13.55 (s, 1H), 13.46 (s,1H), 8.33 (dd, J = 2.0, 7.0 Hz, 2H), 7.84-7.76 (m, 2H), 6.66 (s, 1H), 4.13 (t, J = 6.6 Hz, 2H), 1.92 (m, 2H), 1.56 (m, 2H), 1.02 (t, J = 7.4 Hz, 3H). 13 C NMR: 187.40, 184.50, 161.22, 157.56, 150.87, 134.72, 134.33, 133.96, 133.51, 107.57, 106.18, 69.73, 30.85, 19.37, 13.98 . Compound (2) was recrystallized from nitromethane as dark red-black blocks. When these blocks were cut to small individual pieces or ground with a mortar and pestle they appeared orange-red.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 3 . Hydrogen atoms potentially involved in hydrogen-bonding interactions were located by difference methods and initially restrained in the refinement with O-H = 0.84 (2) Å and with U iso (H) = 1.2U eq (O). Other H atoms were included in the refinement at calculated positions, C-H = 0.95 Å for aromatic, C-H = 0.99 Å for methylene and C-H = 0.98 Å for methyl hydrogens with U iso (H) = 1.2U eq (C) for aromatic and methylene H atoms and 1.5U eq (C) for methyl H atoms. Computer programs: SMART and SAINT (Bruker, 2014) , SHELXT2014 (Sheldrick, 2015a) , SHELXL2017 (Sheldrick, 2015b) and X-SEED (Barbour, 2001 
Computing details
For both structures, data collection: SMART (Bruker, 2014 ); cell refinement: SMART (Bruker, 2014) ; data reduction:
SAINT (Bruker, 2014 ); program(s) used to solve structure: SHELXT2014 (Sheldrick, 2015a); program(s) used to refine structure: SHELXL2017 (Sheldrick, 2015b) ; molecular graphics: X-SEED (Barbour, 2001) ; software used to prepare material for publication: X-SEED (Barbour, 2001 ).
1,4-Dihydroxy-2-propoxyanthraquinone acetonitrile monosolvate (1)
Crystal data 
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Symmetry codes: (i) −x+1, −y, −z+1; (ii) −x+2, −y+2, −z+1.
2-Butoxy-1,4-dihydroxyanthraquinone (2)
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (

